Identification of senescence-associated genes and their networks under oxidative stress by the analysis of Bach1.
Cellular senescence is induced in response to DNA damage, caused by genotoxic stresses, including oxidative stress, and serves as a barrier against malignant transformation. Tumor-suppressor protein p53 induces genes critical for implementing cellular senescence. However, the identities of p53 target genes and other regulators that achieve senescence under oxidative stress remain to be elucidated. Effector genes for oxidative stress-induced cellular senescence were sought, based on the fact that transcription factor Bach1 inhibits this response by impeding the transcriptional activity of p53. pRb became hypophosphorylated more rapidly in Bach1-deficient MEFs than in wild-type cells, suggesting that pRb activation was involved in their senescence. Bach1-deficient MEFs bypassed the senescence state when the expression of a subset of p53 target genes, including p21, Pai1, Noxa, and Perp, was simultaneously reduced by using RNAi. Combined knockdown of p21 and pRb resulted in vigorous re-proliferation. These results suggest that oxidative stress-induced cellular senescence is registered by multiple p53 target genes, which arrest proliferation redundantly, in part by activating pRb. Our elucidations contrast with previous reports describing monopolistic regulations of senescence by single p53 target genes.